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Forces Generated by High Velocity Impact of
Ice on a Rigid Structure

J. Michael Pereira, Santo A. Padula, II, Duane M. Revilock, and Matthew E. Melis
National Aeronautics and Space Administration
Glenn Research Center
Cleveland, Ohio 44135

Abstract

Tests were conducted to measure the impact forces generated by cylindrical ice projectiles striking a
relatively rigid target. Two types of ice projectiles were used, solid clear ice and lower density fabricated
ice. Three forms of solid clear ice were tested: single crystal, poly-crystal, and “rejected” poly-crystal
(poly-crystal ice in which defects were detected during inspection.) The solid ice had a density of
approximately 56 Ib/ft’ (0.9 gm/cm’). A second set of test specimens, termed “low density ice” was
manufactured by molding shaved ice into a cylindrical die to produce ice with a density of approximately
40 1b/ ft* (0.65 gm/cm’). Both the static mechanical characteristics and the crystalline structure of the ice
were found to have little effect on the observed transient response. The impact forces generated by low
density ice projectiles, which had very low mechanical strength, were comparable to those of full density
solid ice. This supports the hypothesis that at a velocity significantly greater than that required to produce
fracture in the ice, the mechanical properties become relatively insignificant, and the impact forces are
governed by the shape and mass of the projectile.

Introduction

Damage produced by ice impacting structures is a common phenomenon. It can be observed on
aircraft canopies, automobiles after hail storms, in jet engines and on compressor blades in ground based
turbine electrical generators. The damage caused by the potential impact of ice is also a concern to
NASA'’s Space Transportation System (Space Shuttle) and great care is taken to document and
characterize any ice formations that occur on the external tank prior to launch (ref. 1). The potential of ice
impacts on the Space Shuttle has recently taken on greater importance after the loss of the Space Shuttle
Columbia during re-entry into Earth’s atmosphere on February 1, 2003. It was determined that the cause
of the accident was a breach in the leading edge thermal protection system, caused by the impact of a
piece of insulating foam during launch, which allowed superheated air to penetrate the leading edge
insulation and progressively melt the aluminum structure of the left wing (ref. 2). After the cause of the
accident was determined, an intense effort was undertaken by NASA to characterize and mitigate the risks
associated with impacts of any potential launch debris, one of them being ice. A significant part of
NASA'’s effort consisted of developing improved numerical simulation capabilities to allow the prediction
of damage caused by potential debris.

The properties of ice are highly dependent on temperature, strain rate, density and crystalline
structure (refs. 3 and 4). In general, the forces generated during impact may also depend on these factors,
as well as on the impact velocity and shape of the ice projectile. The impact velocity range of concern
during launch of the Space Shuttle is from approximately 300 to 800 ft/sec. The type of ice that forms on
the external tank of the shuttle ranges from fully dense solid ice to frost, but for the purpose of developing
numerical impact models it was considered appropriate to study what was considered to be the worst case,
which is that of fully dense ice.

This report documents an effort that was conducted to measure the forces generated by ice projectiles
of different structural and crystalline makeup impacting a rigid structure at various velocities and
orientations. The data was used to characterize the physics of ice impact and validate the numerical
models of ice.
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Methods

Initial Observations

When a fully dense, clear piece of ice impacts a relatively rigid structure at a high velocity, fracture
immediately occurs at the impact point on the ice. The stress front travels through the ice, at a velocity
which can be estimated from the material properties of the ice, fracturing the ice as it travels. If the impact
velocity of the projectile is significantly less than that of the speed of the fracture wave, other than the
initial stress which produces the fracture, the projectile becomes a mass of particles, with the same overall
mass and density of the initial solid ice, but with little mechanical strength. It can be hypothesized that the
mechanical properties of the ice therefore become less important and, as the velocity increases, the forces
that are developed depend mainly on the mass of the ice. While the force required to initially fracture the
ice is present, it becomes less significant relative to the total force.

Initial experiments conducted to observe the propagation of damage in ice projectiles demonstrated
this phenomenon. Figure 1 shows a sequence of images taken at the time of impact of a 1.25-in.-diameter,
3-in.-long solid ice cylinder impacting a steel plate at a speed of 680 ft/sec. These photographs were taken
at a frame rate of 260,010 frames/sec. The velocity of the fracture wave was approximately 8,000 ft/sec
and the time taken to fully fracture the ice specimen was approximately 19x10°° sec. During the time it
took for the fracture wave to completely traverse the specimen, the back of the projectile traveled 0.16 in.

Impact Force Measurement

Impact tests were conducted to measure the impact forces generated by cylindrical ice projectiles
striking a relatively rigid target. Two types of ice projectiles were used in this study, solid clear ice and
lower density fabricated ice. The solid ice projectiles were cylinders machined to a diameter of 11/16 in.
and a length of 1.66 in. from blocks of clear carving ice by Ice Culture (Hensall, Ontario). Prior to testing
the crystalline structure of each ice projectile was characterized by Schulsen (ref. 5). Three forms of solid
clear ice were tested: single crystal (SX), poly-crystal (PX) and rejected poly-crystal (RPX). The latter

Figure 1.—Sequence of photographs showing a cylinder of fully dense ice impacting a steel plate at 700 ft/sec.
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was termed “rejected” due to the presence of defects detected during inspection. The solid ice had a
density of approximately 56 Ib/ft’ (0.9 gm/cm’). A second set of test specimens, termed “low density ice”
was manufactured by molding shaved ice into a cylindrical die to produce ice with a density of
approximately 40 1b/ ft’ (0.65 gm/cm®). Examples of low density and full density ice projectiles are
shown in figures 2 and 3, respectively.

Figure 2.—Polycarbonate sabot containing a low density
ice projectile supported in rigid foam.

Figure 3.—Full density ice projectile.
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Figure 4.—Single stage gas gun showing pressure vessel in the
foreground and barrel inserted into vacuum chamber.

The impact tests were conducted in a vacuum chamber under atmospheric conditions of 0.7 psia. The
projectiles were accelerated by a single stage gas gun that consisted of a pressure vessel with a volume of
0.33ft’, and a gun barrel with a length of 12 ft and an inner diameter of 2.0 in. (fig. 4). The gun barrel
projected into the vacuum chamber and the connection was sealed with an O-ring at the interface between
the gun barrel and the vacuum chamber. The projectiles were supported by rigid foam in a polycarbonate
sabot (fig. 2) which acted as a carrier and formed a tight seal with the inside of the gun barrel through the
use of a pair of O-rings. The sabot was accelerated down the gun barrel by the release of helium gas from
the pressure vessel which used a polyester burst disk as its release mechanism. The sabot was stopped at
the end of the gun barrel at a position where the back of the sabot remained within the barrel creating a
seal and preventing the helium propellant from entering the vacuum chamber, thereby maintaining the
vacuum.

The impact force was transmitted through a circular sensor plate with a diameter of 2.5 in. and a
thickness of 0.75 in. mounted on a piezoelectric load cell (PCB 260A13) (fig. 5). The load cell assembly
was mounted on an aluminum block fixture in two configurations, one in which the ice impacted the plate
at a normal incidence and the other in which the ice struck the plate at an angle of 45° (fig. 5). The load
cell was conditioned by a charge amplifier (Kistler model 5010) with the output voltage subsequently
passed through a 25 KHz anti-aliasing filter and recorded at a rate of 125,000 samples/sec by a digital
data acquisition system (IOTECH Wavebook/516¢). As will be seen, it was not possible to eliminate all
of the resonances and no further filtering was performed as it was felt that it would compromise the
measured force data. Attempts to simulate these tests therefore require some modeling of the fixture
system for accurate comparison. Tests were conducted at impact velocities in the range of 300 to
800 ft/sec.
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Figure 5.—90° load measurement system consisting of
a mass supported on a piezoelectric load cell.

Figure 6.—Image from high speed video showing solid ice
projectile moving toward 45° load measurement system. A
portion of the foam support can be seen behind the projectile.
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Prior to testing, the specimens were stored in their sabots in a sealed bag at a temperature of —20 °C.
Initial tests were conducted to measure the temperature of the ice, using thermocouples inserted between
the ice projectile and the sabot, as a function of time after removing the sabot and projectile from the
freezer. It was determined that if the test took place within 5 min of removing the projectile from the
freezer the ice temperature would remain in the range of —10 and —20 °C. All subsequent tests were
conducted such that the predetermined time duration was not exceeded.

Results

A typical power spectrum of the measured force from a 90° impact test with a solid ice projectile is
shown in figure 7. There are resonances at frequencies of approximately 4,400, 6,500, and 13,000 Hz.
While filtering is possible to remove these resonances, other than the 25 kHz analog anti-aliasing filter,
the data reported here is in its unfiltered form.

Effects of Crystalline Structure

Figures 8 to 10 show the transient response for the SX, PX and RPX ice at impact velocities of 300,
500, and 700 ft/sec, respectively. The legends refer to test numbers described in table 1. As can be seen in
the figures, no discernable differences in the force response were observed as a result of differences in
crystalline structure. This result supports the premise that the mass of the projectile is more important in
determining the force transmitted through impact than the difference in strength due to the crystalline
structure.

Figures 11 and 12 show the transient force response from tests on the 45° fixture at approximately
500 and 700 ft/sec, respectively, using RPX ice. This fixture has a resonance at approximately 6,700 Hz.
The data is highly repeatable from test to test and the normal force is significantly greater than the shear
force as would be expected due to limited friction.

O T T T T
0 5000 10000 15000 20000 25000

Frequency (Hz)

Figure 7.—Power spectrum of measured force from a typical 90° ice impact test.
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Figure 8. —Measured force from 90° impact tests. Solid ice at approximately 300 ft/sec.
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Figure 9.—Measured force from 90° impact tests. Solid ice at approximately 500 ft/sec.
Test conditions shown in table 1.
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Figure 10.—Measured force from 90° impact tests. Solid ice at approximately 700 ft/sec.

Test conditions shown in table 1.
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Figure 11.—Measured force from 45° impact tests. Solid ice at approximately 500 ft/sec.
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Figure 12.—Measured force from 45° impact tests. Solid ice at approximately 700 ft/sec.

Test conditions shown in table 1.

TABLE 1.—TEST CONDITIONS FOR FULL DENSITY ICE TESTS

Test ID Ice Projectile diameter, | Projectile length, | Projectile mass, Impact velocity,
description in. in. g ft/sec
ICE048 RPX 0.678 1.66 8.87 521
ICE049 SX .680 9.01 504
ICE050 PX .679 8.94 497
ICEO51 RPX .680 9.09 497
ICEO057 RPX .674 8.83 699
ICE058 PX .678 8.92 699
ICE059 PX' .678 8.95 492
ICE060 SX 677 8.83 698
ICE061 SX .680 8.95 315
ICE062 PX .678 8.97 325
ICE063 RPX .680 9.01 309
ICE064 SX 677 8.92 497
ICE065 sX* 676 8.92 296
ICE084 RPX .688 8.72 494
ICE085 RPX .688 8.58 482
ICE088 RPX .688 8.56 722
ICE089 RPX .688 8.70 707
ICE090 RPX 688 v 8059 700

"Projectile broke into two pieces prior to impact
“Fracture on front face of projectile prior to impact

The forces measured in 90° impact tests using solid ice and low density ice are shown in figures 12
and 13 and the conditions corresponding to these tests are given in table 2. Within the scatter of the test
results there is not a significant difference in forces. It should be noted that the mass of the low density ice

Solid Ice Versus Low Density Ice

projectiles averaged approximately 9 percent higher than that of the full density projectiles.
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Figure 13.—Measured force from 90° impact tests with solid and low density ice.
Tests conducted at approximately 700 ft/sec.

TABLE 2.—CONDITIONS FOR IMPACT TESTS COMPARING
LOW DENSITY ICE TO FULL DENSITY ICE

Test ID Ice Projectile diameter, Projectile mass, Impact velocity,
description in. g ft/sec
ICE069 RPX, solid 0.69 8.66 690
ICE070 RPX, solid .69 8.72 684
ICE071 RPX, solid .69 8.71 697
ICE0109 Low density .8 9.55 696
ICE0110 Low density .8 9.42 706
ICE0111 Low density .8 9.50 701
Summary

As mentioned previously, when the impact velocity is significantly lower than the wave propagation
speed, from a visual perspective the ice projectile acts like an agglomeration of many tiny ice particles
rather than a single solid. It would appear that the normal mechanical characteristics of the ice have little
effect on the observed transient response once the initial contact pressure subsides. Because of the very
short duration of the initial impact force which causes fracture to initiate in the ice, its measurement
requires a system with extremely high frequency response. Capturing this portion of the response was
found to be very difficult with the conventional force measurement instrumentation used in this study.
The data presented here show the forces generated by different forms of ice after the initial contact
pressure has relaxed. In the impact velocity range considered here, the results indicate that the crystalline
structure of the ice has negligible effects on the forces generated during impact.

Similarly, the impact forces generated by the low density ice projectiles, which has very low
mechanical strength, are comparable to those of full density solid ice. This supports the hypothesis that at
a velocity significantly greater than that required to produce fracture in the ice, the mechanical properties
become relatively insignificant, and the impact forces are governed by the shape and mass of the
projectile.

NASA/TM—2006-214263 10



References

1. Ice Debris Inspection Criteria, NSTS 08303, National Aeronautics and Space Administration, Jan.,
1991.

2. Columbia Accident Investigation Board Report Volume 1, Aug. 2003.

3. Petrovic, J.J., Mechanical Properties of Ice and Snow, J. Mat. Sc., Vol. 38, 1-6, 2003.

4. Schulson, E.M., The Structure and Mechanical Behavior of Ice, J. Minerals, Metals and Materials
Society, 51, 21-27, 1999.

5. Schulson, E.M., Personal Communication, 2005.

NASA/TM—2006-214263 11



Form Approved

REPORT DOCUMENTATION PAGE OMB No. 0704-0188

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources,
gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this
collection of information, including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson

Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503.

1.

AGENCY USE ONLY (Leave blank) 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED

July 2006 Technical Memorandum
4. TITLE AND SUBTITLE 5. FUNDING NUMBERS
Forces Generated by High Velocity Impact of Ice on a Rigid Structure
6 AUTHOR(S) WBS 377816.06.03.02.04
J. Michael Pereira, Santo A. Padula, II, Duane M. Revilock, and
Matthew E. Melis
7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION

REPORT NUMBER
National Aeronautics and Space Administration

John H. Glenn Research Center at Lewis Field
Cleveland, Ohio 44135-3191

E-15546

. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES)

10. SPONSORING/MONITORING
AGENCY REPORT NUMBER
National Aeronautics and Space Administration

Washington, DC 20546-0001 NASA TM—2006-214263

11. SUPPLEMENTARY NOTES

J. Michael Pereira, Santo A. Padula, II, Duane M. Revilock, and Matthew E. Melis, NASA Glenn Research Center.
Responsible person, J. Michael Pereira, organization code RX, 216-433—-6738.

12a.

DISTRIBUTION/AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE

Unclassified - Unlimited
Subject Category: 39

Available electronically at http://gltrs.grc.nasa.gov
This publication is available from the NASA Center for AeroSpace Information, 301-621-0390.

13. ABSTRACT (Maximum 200 words)

Tests were conducted to measure the impact forces generated by cylindrical ice projectiles striking a relatively rigid
target. Two types of ice projectiles were used, solid clear ice and lower density fabricated ice. Three forms of solid clear
ice were tested: single crystal, poly-crystal, and “rejected” poly-crystal (poly-crystal ice in which defects were detected
during inspection.) The solid ice had a density of approximately 56 Ib/ft* (0.9 gm/cm?). A second set of test specimens,
termed “low density ice” was manufactured by molding shaved ice into a cylindrical die to produce ice with a density of
approximately 40 1b/ ft* (0.65 gm/cm?). Both the static mechanical characteristics and the crystalline structure of the ice
were found to have little effect on the observed transient response. The impact forces generated by low density ice
projectiles, which had very low mechanical strength, were comparable to those of full density solid ice. This supports the
hypothesis that at a velocity significantly greater than that required to produce fracture in the ice, the mechanical proper-
ties become relatively insignificant, and the impact forces are governed by the shape and mass of the projectile.

14. SUBJECT TERMS

15. NUMBER OF PAGES
17

Ice; Impact; Simulation; Force 16. PRICE CODE

17. SECURITY CLASSIFICATION
OF REPORT

Unclassified

18. SECURITY CLASSIFICATION
OF THIS PAGE

Unclassified

19. SECURITY CLASSIFICATION
OF ABSTRACT

Unclassified

20. LIMITATION OF ABSTRACT

NSN 7540-01-280-5500

Standard Form 298 (Rev. 2-89)

Prescribed by ANSI Std. Z39-18
298-102










	E-15546 Cover.pdf
	E-15546 pp1-11.pdf
	E-15546 RDP.pdf


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


